A method for analyzing the headspace volatiles of tobacco with an ether trap has been developed and the headspace volatiles of four kinds of tobacco, flue-cured, Burley, domestic (cv. Matsukawa) and Turkish, were analyzed. Dried air was passed through cut tobacco and the headspace volatiles swept were absorbed in ice-cooled ether. The ether solution of headspace volatiles was analyzed, and 27 components were identified by GC and GC-MS. Of these 27 components, six have not previously been reported as components in the tobacco headspace volatiles. The individual headspace volatiles samples of the four kinds of tobacco each showed their characteristic GC profiles and odors. The odor and the GC profile of each headspace volatiles sample were different from those of the steam distillate of the same tobacco.
Tobacco aroma is an element in the flavor of tobacco smoke and is considered to be one of the most important items in judging tobacco quality. In the study of tobacco aroma, great interest has recently been shown in the headspace volatiles.
There have been a number of methods used for collecting and analyzing the headspace volatiles of tobacco: the direct method,1 ' 2) liquid nitrogen trapping,3) activated carbon trapping,4~7) vacuum distillation5} and Tenax trapping.8'9) However, there have been no comparative studies of the volatiles of tabacco varieties to date. The present work was undertaken to develop a simple method for collecting the tobacco headspace volatiles.
The volatiles were collected in an ether trap and then analyzed by a gas chromatograph (GC) equipped with a moving needle solvent cut injection system. This method was applied to four kinds of tobacco, flue-cured, Burley, domestic (cv. Matsukawa) and Turkish. A sensory evaluation of these tobacco headspace volatiles samples was also performed. Further, the GC profile and odor of the flue-cured tobacco headspace volatiles pbtained by the pesent method were compared with those of the steam distillate of the same tobacco.
MATERIALS AND METHODS

Materials.
The lamina of flue-cured (American type 1 1, Leaf position), Burley (Kentucky, Leaf position), domestic (cv. Matsukawa, Leaf position) and Turkish (Basma) tobacco were cut into strips of 0.8mm width. The cut tobacco which passed through a 16 mesh (1.0mm) sieve was discarded.
The moisture of the tobacco samples was adjusted to approximately 12% in a room kept at 20°C a nd 60% RH.
Ether for the trapping system was purified by distillation in a rectifying column. The impurities were extracted from anhydrous magnesium sulfate with ether in a Soxhlet apparatus for 24hr and then dried in a porcelain dish with a gas burner.
Preparation of the sample of tobacco headspace volatiles. Cut tobacco (50g) was loaded into a 500ml flask. The flask was set in a drying oven (60°C) (Fig. 1) was dried over anhydrous magnesium sulfate (1 g) and reduced to approximately 1 ml under a nitrogen stream at roomtemperature.
GC analysis. The analysis of the ether solution of tobacco headspace volatiles was performed on a Shimadzu GC-7A gas chromatograph equipped with a moving needle solvent cut sample injector and a flame ionization detector. A glass capillary column, 30m x0.28mm i.d. coated with PEG-20M, was used. The temperature of the injection port was kept at 230°C and the column oven temperature was programmed from 50°C to 180°C at 2°C/min. Helium was used as the carrier gas.
The peaks were identified by comparing their gas chromatographic retention times and GC-MS spectral data w ith those of authenticated samples. The area of each peak was measured by a Shimadzu
Sensory evaluation of tobacco headspace volatiles. The odor of the volatiles samples of four kinds of tobacco were evaluated by the nine members of the expert sensory evaluation panel in the Central Research Institute of The Japan Tobacco and Salt Public Corporation using the "Guess-which" test. Each smelling paper dipped in an ether solution of the volatiles as given to a member of the panel as a blind sample after the evaporation of the e ther. Each judge was asked to select one type of odor from "flue-cured, Burley, domestic or Turkish" for the test sample. 
RESULTS AND DISCUSSION
Gas chromatogram of tobacco headspace volatiles Figure 2 shows the chromatogram of the flue-cured tobacco headspace volatiles obtained by the present method and Table I shows the 27 components identified.
The The coefficients of variation of 25 selected peaks were calculated for eight consecutive analyses of the volatiles on a flue-cured tobacco. The coefficients of variation of the 25 peaks were from 8.0 to 31.9% (Table II) .
T he volatiles offour kinds of tobacco
The volatiles of four kinds of tobacco were analyzed (Fig.  3) . The profile of each chromatogram was characteristic of the variety of tobacco. Table III shows propanone, 3-hydroxy-2-butanone, 4-hydroxy-4-methyl-2-pentanone, 4-butanolide, 2-buten-4-olide, 2,4-pentadien-4-olide and raxylene. Among these, it has been reported6) that benzyl alcohol, furfuryl alcohol and 2-phenylethyl alcohol increase during the fluecuring and ageing period of flue-cured tobacco.
In the Burley tobacco headspace volatiles sample, nicotine was the most abundant component compared with the other varieties. The nicotine peak represented 80.4% of the total peak area in this chromatogram. Solanone was the most abundant component in the chromatogram of the domestic tobacco headspace volatiles sample.
The components which were abundant in the Turkish tobacco headspace volatiles sample compared with the other varieties were isovaleric acid, propionic acid, jS-methylvaleric acid and caproic acid. /?-Methylvaleric acid and isovaleric acid are closely related to the aroma of the Turkish tobacco.12) Table IV steam distillate of flue-cured tobacco. The profile of this chromatogram was different from that of the headspace volatiles sample. In the chromatogram of the steam distillate, the largest peak was neophytadiene and the main peaks appeared in the latter half. The peak for acetic acid, which was the largest one in the chromatogram of the headspace volatiles sample, was small in the steam distillate sample. The odor of headspace volatiles samples from flue-cured tobacco was compared with that of the steam distillate samples. All ll members of the panel were able to distinguish t he headspace volatiles sample from the steam distillate sample by their odor. The profiles of the odor of the 2 samples given by the panel were different. The profile of the headspace volatiles sample was "strong top note, vap orous and light" and was thought to be a tobacco-like note by the panel. In the case of the steam distillate, the profile of the sample was "thick, tenacious and of a heavy note" and the panel had an image of the odor which arise during the tobacco steaming process.
One of the reasons for these difference between the headspace volatiles and the steam distillate sample was the temperature at which the sample was prepared. The compounds which had a relatively high boiling point were distilled off by steam distillation. It is reported that furfuryl compounds are generated from pentoses and hexoses during the steam distillation of tobacco.13)
